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Objective: The safety distances of base station antennas can be obtained either by assessment of the 
electromagnetic fields and comparison with the reference levels or by assessment of the Specific 
Absorption Rate (SAR) and comparison with the basic restrictions [1]. The objective of this paper is to 
determine and to compare the safety distances based on the electromagnetic fields for two different 
types of GSM base station antennas operating in a different frequency band. Furthermore, we will make 
a comparison of the safety distances based on the electromagnetic fields and based on the SAR using 
simulations and measurements for one type of antenna. 
Methods: We investigate GSM base station antennas of the type Kathrein 736863 at 947.5 MHz and 
K739495 at 1862.5 MHz, respectively. At these frequencies, the antennas radiate maximally. We 
determine the safety distances based on the electromagnetic fields in front of the antennas, noted as DX 
(X = E or H) because they will be most restrictive in this case. The measurements are performed with a 
network analyzer (Rohde & Schwarz ZVR) and are compared with FDTD simulations. We use a robot 
to position the measurement probes. The measurements are performed with a spatial grid of 2 cm, 
smaller than λ/10 at 947.5 and 1862.5 MHz. We determine the safety distances for the fields in three 
ways: by determination of the maximum field (worst-case situation) values Xmax (X = E or H) in xy-
planes in front of the antenna, by determination of Xplane, the field value averaged in xy-planes with 
dimensions 70x40 cm2, and by determination of Xvol (X = E or H), the field value averaged in a volume 
of 70x40x20 cm3. Next, we determine the safety distances based on the SAR for the K736863 antenna, 
noted as DSAR. For the SAR assessment we use a rectangular box phantom (dimensions 80x50x20 cm3) 
[2]. We position the rectangular box phantom at distances 1 mm to 20 cm from the K736863 antenna. 
We use a SAR probe of the type ESD3DV1, delivered and calibrated for the DASY3 system of Schmid 
& Partner Engineering AG. Finally, we determine the difference of the safety distances based on the 
electric field and based on the SAR i.e., Δ = DX - DSAR [m] (X = E or H). Using Δ we can determine the 
input power from which on the electromagnetic fields will deliver the largest safety distances.  
Results: Fig. 1 and 2 show that the electric field values of the K739495 antenna at 1862.5 MHz are 
higher than those of the 947.5 MHz K736863 base station antenna for the investigated positions. This 
was expected because the gain of 1800 MHz base station antennas (around 18 dBi) is generally higher 
than the gain of 900 MHz base station antennas (around 15 dBi). The gain of the K736863 antenna is 
15.5 dBi, while the gain of the K739495 antenna is 18 dBi. On the other hand the reference levels are 
higher at 1862.5 MHz than at 947.5 MHz [1] (129.47 V/m and 0.35 A/m at 1862.5 MHz against 92.34 
V/m and 0.25 A/m at 947.5 MHz for occupational exposure). There is a very good agreement between 
measurements and simulations (Fig. 1 and Fig. 2). Table 1 compares the safety distances for the electric 
and magnetic field of both antennas. The safety distances of the K739495 antenna at 1862.5 MHz are of 
the same order as those of the K736863 antenna at 947.5 MHz. For averaging in a plane and volume, the 
safety distances of the 1862.5 MHz antenna are lower than those of the 947.5 MHz antenna due to the 
considerably higher reference levels at 1862.5 MHz.  
The safety distances of the K736863 antenna (at 947.5 MHz) based on the electric field averaged in a 
volume are compared with the safety distances based on the localized SAR. This will lead to the most 
restrictive condition to determine the input power from which on the field values deliver the largest 
distances for occupational exposure. Fig. 3 shows that Δ equals zero at 10.2 W (simulations) and at 10.8 
W (measurements). From this power on the safety distances based on the electric field are larger than the 
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safety distances based on the localized SAR (Δ>0). This results in a safety distance of 1.9 cm 
(simulations) and 2.2 cm (measurements). It is then not necessary to determine the SAR for input 
powers larger than about 11 W to obtain the most restrictive safety distance.  
Conclusions: We compared the safety distances based on the electromagnetic fields for two types of 
GSM base station antennas. For a typical input power of 20 W the maximum safety distances of the 
K736863 and K739495 antenna are approximately 30 cm. For the K736863 antenna, the safety distances 
based on the electric field averaged in a volume will be higher than those based on the SAR from input 
powers of about 11 W on. 
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Figure 1: Comparison of measurements and simulations of Emax, Eplane and Evol for the K736863 antenna 
at 1 W input power at 947.5 MHz. 
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Figure 2: Comparison of measurements and simulations of Emax, Eplane and Evol for the K739495 antenna 
at 1 W input power at 1862.5 MHz. 
 
 
Figure 3: Input power as function of Δ.  
Table 1: Comparison of simulations and measurements of safety distances for the electric and magnetic 
field at 10 and 20 W for the K736863 (at 947.5 MHz) and K739495 (at 1862.5 MHz) antenna. 
  K736863 K736863 K739495 K739495 
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 input power D
E [cm] DH [cm] DE [cm] DH [cm] 
 [W] simulate measure simulate measure simulate measure simulate measure 
max 10 15.7 14.1 13.5 16.0 21.1 18.3 23.3 21.3 
 20 30.4 29.6 28.9 30.8 29.3 27.6 31.1 33.0 
plane 10 10.0 10.0 8.8 8.7 1.8 2.3 1.6 2.5 
 20 25.6 23.9 25.2 24.4 14.3 17.8 17.3 18.5 
vol 10 1.8 2.0 1.3 <2 <0.1 <2 <0.1 <2 
 20 15.6 8.2 14.7 13.3 6.4 6.6 9.1 9.3 
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THE EFFECTS OF ELECTROMAGNETIC FIELDS EMITTED BY GSM MOBILE PHONES 
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INTRODUCTION: Previous research has shown that exposure to RF exhibits effects on conventional 
sleep parameters such as sleep latency, REM sleep, and waking after sleep onset [1, 2, 3, 4]. 
Additionally, increased spectral power in the alpha frequency range has been shown following RF 
exposure both prior to and during sleep [1, 2, 5, 6, 7]. 
OBJECTIVE: To examine whether aspects of sleep architecture show sensitivity to the electromagnetic 
fields emitted by GSM mobile phone handsets placed in the normal position next to the ear of human 
volunteers. 
METHODS: Fifty participants attended four overnight sessions at a sleep laboratory, over two 
successive weekends. The Saturday nights acted as adaptation nights. On the following Sunday night a 
GSM mobile phone, either transmitting (0.25 W, 217 Hz modulated, 895 MHz output) or off, was 
positioned next to the right hemisphere for a period of 30 minutes prior to sleep. The on/off order was 
balanced, and the experiment was carried out double blind with regard to phone status. During sleep, 
EEG, ECG, EOG, EMG, SaO2 and respiratory measures were monitored using the Compumedics™ E-
series polysomnography system. Sleep was staged and scored according to standard criteria [8] by an 
experienced sleep technician blind to the experimental condition. EEG channel data was further 
analyzed to provide power spectral density estimates for each 20 second epoch (FFT routine, Hanning 
window, averages of five 4-second epochs) for the first 30 minutes of NREM sleep. 
RESULTS: The preliminary results showed a significant difference in REM sleep latency between the 
two conditions, F(1,48)=5.797, p < .05. Other sleep parameters showed no evidence of alteration. EEG 
spectral changes are in the process of analysis and will be completed early 2005. 
CONCLUSIONS: The preliminary results suggest that exposure to the electromagnetic fields emitted by 
mobile phones may have an effect on REM sleep latency when used prior to sleep. 
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